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Several of the experimental holes of the Clinton pile hawe bern
scanned using Ag wires. From these the relative neuiron densities ihrough
out the pile have been determined roughly to ve
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(0 _ 0.88 cos W (r 4 .338) coe T {x + .172)
- 22,83 19.8
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where r is the radial displacement and x is the displacemsnt sleng
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- A direct calibration agailnst the "Standard Graphite Pile" gives st

the center of the Clinton pile

0y watt~l = 3,238 =z 10

(thermal)

5

neutrons cm  sec watt .

A comarison has heen made against the control rod celidrations.
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Exnerimental Procedure

Az wires (.020" diameter) were-run cormletely through Holes 13,
15, 18, 20, 50, 52 and 62 end to about the center of Holes 53, 60 =nc

of the Clinton pile, With the exception of Holes 1, 15 and 18, these wixer

.-

)

were irradisted at the same time with agporoximately 135,503 KWH, Wires

from 14, 15, and 18 have been corrected to this same irradiation. Table T

and Drawing 1253 give the location of these holes.

About fourteen days elapsed between the time the wires were removed

_ from the pile and the time they were cut and counted. One inch samples wers

‘cut every eight inches beginning eight feet from the south outside edge of

the concrste. These samples were weighed, cleaned with acetone, mountad L

on Al discs and covered with Scotch tape. The ssmples were counted uander i

QgguinchiF§7ﬁpright-mica window Geiger counters. Counting rates were cgl- q

-culated for each samnle,' Commarable results were obtalned by mgking cor-

rections for weisht differences, high counting rates and counter positions.

‘Coordinate Systems and Scales

Throughout this report the coordinate system in the Clinton pile has -

" been get up with its oriein at the geometrical center of the pile losding.

Positive directions for the axes are north, west and up.

On the drawings showing the transverses, three abscissae scales are |

glven: (1) The practical scale nlaced a2t the bottom of the nage shows

distances in fee®t from the outside edge of the coancrete along the hole

(2) At the top of the paze is & scale showing the displacements in =zt

from the center of the hole. (3) Where different from (2), .the radia.
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distances in feet from the pile axis sre shown. The minimum value for the

radial scale is obviously the distance from the pile axis to the hole.

Di-scussion of Results

A lebst squares fit to a cosine function was made to the data from

This gave cos T (x+.1722); where x is the
19.795

distance in feet from center of pile loading.

Hole 62 (see Dr. 1252).

The reletive neutron densities for the other holes were adjusted to
correspond to this fit., The data in the graphite reflector outside of the
metal for Hole 62 show a relaxation length of 51.07 cm. Thls value is larger
th;n that for the graphite of which the reflector is made because of the oven )
channele (1.75" x 1.75") which lead to the loading face of the pile. It
ghould be pointed out that the streaming of the neutrons through these chan-
nels may account for the absence of the bump in the neighborhood of the
metal edge which is present on all the transverses made normal to the pile
axis. These bumps are due %o slowing down of the neutrons in the reflector.
Yo deteiled study has been made of the Cd ratio, Most of the data remorted
here have not had Cd differences avplied. Within the lattice between U-rods,
75% of the activation of the 4g is due to slow neutronms,

The density of slow neutrons along the axis (Hole 62) was enhanced by
the particular loading of the pile ksee Dr. 1253). That is, Channels 1807
end 1868 were essentiglly emmty. This also egnlains the central peaks found
in Holes 13, 14 and 18 (see Drs. 125Y4, 1255 and 1259). The U doughnutse in
Channel 1867, the thorium in Channels 180b and 1871 have depressed the cen-

tral oart of Hole 62 and eliminsted the central pealks from Holes 15 and 20
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(see Drs. 1256 and 1261). As is evident, an additive correction

[:; 0.03 cos 3;n'(z9+;;;722):] can be applied to the least square fit

for Hole 62 to flatten the central region to give & better fit,

In order to determiﬁe a simple analytical expression for the varie-
tion of the neutron density in the radial direction, the data for the north-

south holes were adjusted to the middle plene using the axial data (Hole 62).
T (r +,338)

23 .83
vhere r is the radial distance from the pile axis in feet. This is nearly

Their average weas fit by a cosine function to give 0.88 cos

-equivalent to 0,88 Jo(0.189 r + 0.06L), where Jo is the zeroth order Bessel's

function.

Integrating the relative density function

F = 0,88 cos T (r + .338) cos TLA{x + .172) (1)
23.83 19.8

over the active part of the lattice, we get the average density to be

= 155 = 0.3928 (2)

which imnlies that the central density is 2.55 times the average density.
However, due to the fect that cosine fit of Hole 62 is known to be high for

most of the lattice, a2 better value is noscibly

Centrgl deneity - 2.55 x 0.88 = 2.0k, (-'3\‘
Avergge density )
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One can cslculaté that if the lattice contained 7119 cells, each
containing the samé nupber of neutrong as the central cell, (where by 2
central cell is meant a similer cylinder whose volume is (8")3 located at
the pile center) they would contain all of the neutrons in the active vars

of the 1attiden

Statietital Weights

The htatistical-weight 4(R) of a region, R, in the pile is a megsura
of the contribution of i¢s Laplacian to the Lavlacien of the entire pile of

voliume V

5 w(R? :J{R z:g: - () -
-~ v )

An evaluation of the integral in the denominator over the active vart
4f the pile usiné (1) pave 1486. For the vresent loading a channel of U
metal on the edge of the lattice 1s equivalent to 1.8 inhours of reactivity,
.There is about a 5% ripple in the north-south trensverses between
thé U rc;ds° For this reason the Az wire samnles were-taken every eight iﬂches

between U rods. -,

Control Rods and Poisons

4

" 1f one assumes that equation (1) is sufficiently eeneral to apply %o

"

the entire pile, it can be used to determine roughliy the sensitivity of the

control and shim rods, namely,

~~
)]
p—

Inhours/inch = 2,03 coe? T (R + 4.06) ~os” T {X+ 2,06,
286 237.6
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where X is the displacement in irches ©f thes control rod hols in toe

~ - .
direction of the pile axis, and R(RS = Y4+ 22} ig the radlal coordingie *
inches, (For earlier pile losding see CP 1300, ©. 27.) VWith promer nre.

cautions, this exoression might be avvlied to the determinztion of the noison-

inz effect of a neutron gbsorber placed within the pile.,

Absdlute Calibration of Neutron Densitv and Flux

In order to establish the neutron density, n, within the Clinten
pile, we require a conversion factor, éa between the overating power of the
pile and the neutron density at the pile center, sey. At present this factoe
is ocuite uncertain, 1In fact, the various determinstions for @ ranse from
1,47 to 2.33. 4 special committee has been formed at Clinton Leboratories
to try to establish a relisdble 4’-valueo

In connection with our work with Ag‘wire detectors, we have used the
calibration of the "Standard Gravhite Pile" as a stendard source. Using
twe methods of comparison against the Clinton pile, we hagve determineg

? = 1.47 neutrons cn > watt‘l (6

at the center of the Clinton vile for the loading of 2-2U M5 through

P-27-45, This value depends directly on the calibration of the sourc-
strength of the Rn-Ee source used in the "Standard Graovhite Pile" and or th-
calibration of the Wo. 1 galvenometer against pile power. Ve clain n. smecis.

merit for the value and add the word of cauntion thet until & mor= reliagble
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é—value ig established, it must b considered possibly to be in errcr b
a8 much a; the range noted above.

For monocenergetic thermal nsutrons of velocity 2.2 x 105 (odi] sesmlh
we get at the eenter of the Clinton pile,

Y

ny watt ™ = 1.47 x 2.2 x 102 = 3,234 x 107 neutrons e soc”t watt”t | (7}
(thermel)

The ugual guestion asked is "What is the nv at a varticular spol in
the pilet" No greet csre is used %o specify for which velocity or velocity
distribution nv is desired. Tor this reeson e brief discussion may be in
orders

i1t is known that the actual velocity svectrum within an inhomoseneous
chain-reacting vile is quite complicated and varies matkedly within the lat-
tice cells, however, {1) a concepi of vile nevtrons of velocity, Vo has de-
veloved which means (for a oparticular pile) neutrons e found at the center
of the moderator of a lattice celi. {2) Spectrometer measurements on nevirer
beams escaying from the pile and studies with Cd difference neutrons using
(%) absorbers (boron) within the pile indicate that such neutrons have rough-
ly a gaussizn distribution CO;TGSDOHding to & temperature of 5500 K Often
(3) direct comoarisons are made sgainst a "Standard Graphite Pile" whosu
distribution of velocities, L) of neutrons is taken tec be gaussian av voorn
temperature.

The following roush conversion factors relate the cross sections

corresponding S0 these velocities to those for monoenergetic thermal rceatront
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CP~2602 SRS

(as produced by a velocity seleater or modulsted source) of velocity,

- -1 i .
Yih = 2-2 X 105 cm, ser , assuming {%ﬁ absorption for the detector,

for

- 0 o me
O‘c - .?é— 0—;3 = L.l U_; R (S)

Summary on Use of Graphs

The graphs have been appoended to help enswer the ever present guestion
"What is the spproximate thermel nv in a marticular region in the Clinton
pile opersting at a known vpower?" In usingz these graphs at some later date,
all changes of 1oa§ing” voisoning and control rod positions must be consid-

ered. For points not given on the graphs formula (1)

£ = 0.88 cos T (v + .338) oos 1L (X + .172) (1)
23.53 5.8

should be useful where r andé x are Gislances in feet from the pnile

center. It has been vresented in this form becmuse of the relative scarcity

of tables of Besszl‘s function on the olant and likely the Tit is better to

a ‘cosine than & Bessel®s function anywz)r aue to pile flattening.

usse i LRI04 LBy 247 coss / anameny waiieCuil 020 rridts 4 S T i SUSIENE 270 - N o MDD
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Baua%ion (7) gives for the pile center

- -2 ~1 -
ny watt - 3,234 neutrons em - sec b ettt .

(thermal)

We aive two examples:

Bxamole I. What is the thermal nv, in Hole 50, fifteen feet from the
outside south edge of the concrete shielding when the pile is operating at
4000 Kwt

From equation (7) at pile center

-1

- 6 11 )
nVivermal 7,238 x 105 x 4.0 x 10 = 12.9 x 107 neutromns cm  ssc . (a)

(at eenter)

From Drawing 1264, the relstive density fifteen feet from the south

edge of the conerete is 0,337, therefore, we have, using (a),

11 11 =2 -1
: l 02 = Z o a
DV4pormal 12.9 x 107 x 337 = 4,36 x 10~ neutrone cm = sec

(Hole 50, 15 feet)

Erxamnle II. Wha% is the thermal nv in Channol 1063, twenty-five
feet from the outside emst edrse of the concrete with the pile operating at
2000 W1

From equation (7:

K 11 .
ny = 3,238 x 10° x 2 = 106 = 6,468 z 107 neutrons cm™% sec”t . (v)
thermal -

(at center)

L N L TR G i e e e




CP-2602 ~11-

Drewinge 1252 and 1253 show that the coordinates of the point in question
are ( - (57> U") south; 3 wesi, (2% & U¥} up), In order %o use equation

(1), wve find r = -}/?5"1-1.1" )2 - (3i4uw)2 =z - (6%9 fget). Hence, from

equation (1) L)%or? =L

76 :‘I
/P = 0,88 cos T (=6 005 + . 336) oo T3 + .172)
23.83 : 19.8

. - !"__//
0.7, D02

. P = 0.88 x 7335 x 8760 = 05653,

therefore, using (b),we have

9 J“.f/‘/ /( L_},‘Z

Wehermal ~ = 6.468 x 10 x 35653- = %’65‘3 = 1011 neutrons cn=? sec
(Channel 106%, 75 fset)

Using the dotted lines for the functions given on Drawings 1250 and 1257,

/° = 0.6b5 x 0. 8777 = 0.5657.
!




CP-2602
TABLY 1
Slot Digtence from Center of Pile Remgrks
13 5,30 west 1.Z% up To be charged with about 7 Bi drieks
14 2.667F west 1.3 up To be charged with about 18 Bl bricks
15 0,000¢ | 1.3 up Filled with 10 Bi bricks (4® x L¥ x 12%)
16 2.667% east 1.3' up
17 5.3% east 1.3% wp
18 5.3 west 1.3? down
19 2,667 west 1.37 down
20 0,000¢% 1.37 down Graphite remcved
21 2,667 egst  1.3% down Sample hole
22 5.3Y east 1.3 down Pneumatic Rabbit tube
50 6% esst 6% up
51 0.000 6% up
52 6Y west 6% up
56 6% east 6" down Contains BFy chamber near south edge
57 0,000 6! down Filled with E° factory - 200 gm Li over
: central 12 feet
58 6¢ west 6% down
59 6- east 0.000 Fnters south side ,ends at core - 1.5 ft.
from center
60 0.000 0.,000 Enters south sids, ends at core
6 £ west 0,600 Enters south side, ends a2t core
62 0.000 0.000 Runs along vile axis
53 65_east 0.000 ¥nters no~th side, ends at core
5l 0.000 0.000 Enters north sidz, ends at core
55 6° weet 0.600 Enjers north sids, ends a% core
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